Hereditary angioedema is a rare but life-threatening disease, usually resulting from upper respiratory tract traumas and stress. In this case report, we present the management of a 14-year-old female patient who was diagnosed with hereditary angioedema and scheduled to undergo transurethral resection of bladder (TURB) procedure for bladder tumor. She was on prophylactic danazol treatment and prior to the operation the dose of danazol was increased. On the day of the operation, patient was given C1-IHN concentrate and was sedated. In conclusion, hereditary angioedema is a rare disease in which multidisciplinary and aggressive approach during anesthesia would yield successful results.
INTRODUCTION
C1 Inhibitor (C1 INH) deficiency is an autosomal dominant disorder that causes hereditary angioedema (HAE) [1] . C1 INH deficiency can result in mortality by causing sudden bouts of serious angioedema [2] . Local traumas to the upper respiratory tract during operations (such as dental treatments, tonsillectomy and endotracheal intubation) pose serious risk for HAE attacks [3] . Therefore, care should be taken with regard to preoperative preparations and the technique of anesthesia in patients diagnosed with HAE and scheduled for operation. In this case report, we presented the perioperative anesthetic management of the patient with HAE who was scheduled for transurethral resection of bladder tumor (TURBT).
CASE REPORT
A 14-year-old female patient (141 cm height, 52 kg weight) was scheduled for TURBT. Pre-operative examination revealed normal hematological and biochemical tests and physical examination. History of the patient showed that she had been using propranolol HCI 40 mg/day for sinus tachycardia until 6 months earlier. The patient had her first HAE attack when she was 11 years old. Edema in her hands and feet occurred after she played volleyball. HAE attacks continued and presented as edema in lower lips, perineum and peripheral limb. During one year she admitted to different pediatrics and finally she was diagnosed as HAE at the specialized children hospital, a disorder also identified in her father and her sister. The family history also revealed that her grandfather died suddenly following symptoms suggesting HAE. She was first treated with tranexamic acid. However her HAE attacks did not respond to tranexamic acid treatment. Therefore, danazol capsule 100 mg/day BID was tried and found successful, which have been given by her pediatric immunology specialist. She was under control with no episodes of angioedema.
The patient has been under control for C1 INH deficiency and has been receiving prophylactic Danazol capsule 100 mg/day BID, which have been given by her pediatric immunology specialist. She was generally healthy and no other medical conditions necessitating treatment were present. The dose of Danazol capsule was increased to 200 mg/day BID 5 days before the operation. Forty five minutes before the operation, intravenous (IV) access was established and the patient was given 250 U of purified C1-IHN concentrate (Berinert ® P, CSL Behring, Germany), followed by IV midazolam 0.03 mg·kg
All the resuscitative measures were prepared in the operating room. Ear-nose-throat specialist was ready for a possible emergency tracheostomy. The patient was taken into the operating room and she was monitored with electrocardiogram (ECG), Blood Pressure (BP), Heart Rate (HR) and SpO 2 . Following pre-oxygenation, anesthesia was induced with atropine 0.5 mg IV, propofol 2 mg·kg . Once sufficient muscle relaxation was achieved, the patient was intubated by 6-mm endotracheal tube and anesthesia was maintained by O 2 , air and sevoflurane (2% -2.5%). The patient's vital parameters were within normal limits throughout the surgery, which lasted 40 minutes OPEN ACCESS (min). At the end of the operation the patient was given paracetamol 1000 mg IV and tramadol 50 mg IV over a period of 20 minutes for postoperative analgesia. Muscle relaxation was reversed with atropine 0.5 mg IV and neostigmine 1.0 mg IV. The patient was extubated before being awake and she was ventilated via mask until sufficient respiration was restored. The patient was taken into the postoperative care unit and followed-up for 24 hours and discharged without any problems. The patient used danazol 200 mg/day BID in the first two postoperative days. She continued danazol 100 mg/day BID afterwards for prophylaxis.
DISCUSSION
C1-INH is the major regulator of early activation stage of classical complement pathway [4] . Immune complexes trigger the activation of C1, the first complement to C1 esterase. Activation of this pathway induces formation of C2, 4 (C3) complex and C2, 4 causes production of anaphylactic, chemotactic and vasoactive peptides. C1-INH deficiency causes inappropriate or premature activation of C1 to C1 esterase and C1 esterase activity resumes unchecked [5] . This, in turn, results in episodic, subcutaneous and submucosal edema of the upper respiratory tract and gastrointestinal system [6] . Edema of the upper respiratory tract results in life-threatening airway obstruction [7] . Diagnosis of C1-INH deficiency is established by clinical findings, family history, measurement of complement levels and molecular genetic tests [8] . Trauma, emotional stress, surgical or diagnostic procedures in the cranial or cervical region, physiological changes in sex hormones (puberty, menstrual cycle or pregnancy), changes in climate, certain food and medical products can trigger angioedema [1] . In the present case, we noted during preanesthetic evaluation that the patient and her family had been diagnosed with HAE. Management of C1-INH deficiency includes prevention of angioedema as well as control of acute attacks [8] . Antifibronolytic agents (tranexamic acid) or epsilon-amino-caproic acid or synthetic weak androgens (danazol, stanozolol and oxandrolon) can be used for long-term prophylaxis [9] . For short-term prophylaxis, on the other hand, C1-INH concentrate, synthetic weak androgens and tranexamic acid are used [9] . Tranexamic acid or weak androgens are given to patients 5 days before an operation or dental procedure and they are continued until 2 days after the procedures [10] . When there is an acute attack, C1-INH concentrate, synthetic weak androgens and tranexamic acid should be used concomitantly. Fresh frozen plasma can be used instead if there is no C1-INH concentrate available [9] . Since the recommended doses of danazol and C1-INH concentrate for short term prophylaxis are 100 -600 mg and 500 -1500 U (effective for 24 -48 hours), respectively, danazol dose, which our patient was using for long term prophylaxis, was doubled and C1-INH concentrate was injected IV 45 min. before the operation. Premedication with midazolam was initiated to prevent emotional stress. In order to minimize the trauma, following induction, orotracheal intubation was performed once full curarization was achieved. Paracetamol and tramdol were injected for postoperative analgesia before the patient was awake and the patient was extubated before decurarization.
Hereditary angioedema most often presents in childhood. Almost 40% had onset of symptoms before the age of 5 years and 75% before the age 15, occasional patients will have their first symptoms even earlier [9] . Identification, avoidance and elimination of precipitating factors that may trigger acute HAE attacks are crucial to prevent life-threatening complications [11] . In order of decreasing prevalence, the most common triggering factors identified in the pediatric population are: mechanical trauma (52.6%), followed by mental stress (36.8%), air-way infection (36.8%), and menses (26.7%) [11, 12] . Therefore in pediatric population surgery, which includes endotracheal intubation (trauma to the upper respiratory tract) and surgical trauma as well psychogenic stress is an important factor that may trigger HAE attacks. In general, short-term prophylaxis to prevent acute angioedema exacerbation after surgical procedure and intubation consist of C1-IHN concentrate [11] . The traditional approach to long-term prophylaxis involves use of attenuated androgens and antifibrinolytics [11] . However long term prophlaxis with the use of antifibrinolytics and androgens are not recommended because of the serious side effects of these drugs in children. Attenuated androgens are typically not recommended for use in children because of obvious concerns over growth and development. In addition, the potential adverse effects associated with attenuated androgens are both numerous and concerning, ranging from weight gain to organ damage and tumor development [11, 13, 14] . Their efficacy may decline over time with use, despite an increase in dose [11, 12] . Antifibrinolytics are frequently mentioned in older HAE protocols [11, 13, 14] . It has been shown that patients using antifibrinolytics for prophylaxis had a very modest reduction in frequency and duration of attacks in compareson to patients who used no prophylaxis at all [11, 15] . For children antifibrinolytics are preferred to androgens [9] . In our case, the patient was first treated with tranexamic acid, but her HAE attacks did not respond to tranexamic acid. Therefore danazol was tried and found successful since she was under control with no episodes of angioedema. Newer safer and more effective alternatives for HAE are being developed but no experience is available yet with pediatric use [11] .
Shah and Jacobs [16] reported their ten years' experience in pediatric angioedema. In their series of 10 chil-dren, they reported that one child, who underwent dental surgery under general anesthesia, was prophylactically treated with fresh frozen plasma and danazol. She experienced no perioperative angioedema and was discharged from the hospital to home the same day. Recently Yazawa et al. [17] reported the prophylactic administration of C1-INH concentrate in an emergency laparotomy to a pediatric patient (8 years old) who was suspected of having HAE because of the family history. Considering the high mortality rate resulting from laryngeal edema triggered by intubation, the patient's mother and maternal grandmother had been diagnosed with HAE. They decided to treat the patient as an HAE suspect because of the family history and the autosomal dominant form of interitance. They administered 500 U C1-INH concentrate prophylactically before the surgery, they also repeated 500 U of C1-INH concentrate in the postoperative pediatric ward. However, the authors did not report any information about premedication for anxiolysis and postoperative pain therapy. In our case, we gave special attention for sedation preoperatively and postoperative pain control since stress can also trigger angioedema [1] .
Preoperative assessment is crucial to prevent life-threating complications associated with HAE. Clinical symptoms, family history and laboratory studies of complement and C1-INH are all important for the diagnosis of HAE. Clinical presentations in combination with a positive family history should raise suspicions regarding HAE [15] . However, 25% of HAE is the result of spontaneous mutation and a novel mutation may explain cases of angioedema with no family history [11, 18] . HAE is a rare disorder, and the attacks are seen during childhood in most patients. Since HAE may also result from spontaneous mutation, detailed history taking is crucial to recognize the symptoms suggesting HAE. With awareness of the possibility of HAE in pediatric population, appropriate perioperative management can be planned including minimization of trauma and emotional stress as well as prophylactic measures.
It was the first time that a pediatric patient diagnosed with HAE was operated for bladder tumor in our urology department. Surgery was a success with appropriate evaluation and anesthetic management. We presented this case to emphasize the importance of a careful history during pre-anesthesia assessment. We concluded that a multidisciplinary and aggressive anesthesiological approach yields successful results in a patient diagnosed with hereditary angioedema.
